A Gram-stain-negative, non-motile, aerobic bacterium, strain 13-93-B1
The family Rhodobacteraceae , belonging to the order Rhodobacterales of the class Alphaproteobacteria (Garrity et al., 2005) , encompasses a diverse group of genera. The Rhodobacteraceae have been established as one of the most abundant groups in diverse marine habitats Buchan et al., 2005) and, in recent times, many novel strains of the Rhodobacteraceae have been isolated from a variety of marine habitats. The genus Donghicola was created by Yoon et al. (2007) while characterizing Donghicola eburneus SW-277 T , a bacterial strain isolated from seawater of the East Sea, Republic of Korea, and the genus description was later emended by Hameed et al. (2014) . In addition, Donghicola xiamenensis ), a former member of the genus Donghicola, has been reclassified as the type species of a new genus, Pseudodonghicola (Hameed et al., 2014) .
The screening of novel micro-organisms found in seawater collected off Jeju Island, Republic of Korea, has resulted in the identification of many novel micro-organisms. This study is focused on one of these isolates, designated 13-93-B1
T . Phylogenetic analysis based on the 16S rRNA gene sequence showed that this novel strain belongs to the genus Donghicola and forms a robust cluster with D. eburneus SW-277 T (97.0 % 16S rRNA gene sequence similarity). The aim of this study was to determine the exact taxonomic position of strain 13-93-B1
T by using a polyphasic approach that included morphological, physiological, biochemical and chemotaxonomic characterization, as well as phylogenetic analysis.
Strain 13-93-B1
T was isolated from a surface seawater sample collected in September 2013, adjacent to Seogwipo-si, on Jeju Island. The strain was isolated on halfstrength marine agar 2216 (MA; BD) (Yang et al., 2006) , by means of the standard dilution plating technique and incubation at 25 8C for 1 week. An ivory-coloured colony of strain 13-93-B1
T was separated and purified. Cell morphology and size were examined by using light microscopy (DS-Ri1; Nikon), while flagellation was determined by transmission electron microscopy (Philips CM20) using cells that had been grown on MA at 30 8C for 2 days. Cell motility was investigated by observing cells grown in motility test agar (BBL; BD) at 30 8C for 2 weeks, and gliding motility was investigated using the hanging drop method described by Bernardet et al. (2002) . Gram staining was performed with a Difco Gram stain kit (BD) according to the manufacturer's instructions. Anaerobic growth was determined after incubation for 10 days at 30 8C in a GasPak anaerobic system (BBL; BD) on MA and on MA supplemented with 0.1 % (w/v) potassium nitrate. Bacteriochlorophyll a detection was performed by spectrophotometric analysis of methanolic cell extracts ).
The temperature range for growth was determined on MA at 4, 10, 15, 20, 25, 30, 35, 37, 40, 42 and 45 8C . Growth at various concentrations of NaCl (0, 0.5, 1, 1.5 and 2-10 %, in increments of 1.0 %) was ascertained by adding the appropriate quantity of NaCl to MB prepared according to the BD formula with the exception that NaCl was omitted. The requirement for Mg 2+ ions was assessed by using MB prepared according to the BD formula except that MgCl 2 and MgSO 4 were omitted. Temperature, NaCl and Mg 2+ tests were carried out for 10 days. The pH range for growth was determined in MB adjusted to pH 4.5-9.5 (in increments of 0.5 pH units) by the addition of HCl or Na 2 CO 3 , with the pH being verified after sterilization. For pH tests, cultures were incubated at 30 8C for 7 days. Catalase activity was determined by bubble production in 3 % (w/v) H 2 O 2 (Cowan & Steel, 1965) , and oxidase activity was assessed by using oxidase reagent according to the manufacturer's instructions (bioMérieux). Growth was tested on nutrient agar (NA; BD), tryptic soy agar (TSA; BD) and Reasoner's 2A agar (R2A; BD). Hydrolysis of casein (skimmed milk), hypoxanthine, starch, tyrosine, xanthine and Tweens 20, 40, 60 and 80 was tested on MA, using the substrate concentrations described by Cowan & Steel (1965) . Hydrolysis of CM-cellulose and xylan was investigated on MA containing 0.5 % (w/v) CM-cellulose or 0.5 % (w/v) birchwood xylan (both from Sigma-Aldrich) with detection according to the method of Wood et al. (1988) . DNase activity was determined on DNase test agar (BD) made with artificial seawater. The artificial seawater contained (per litre distilled water) 24 g NaCl, 5.1 g MgCl 2 , 4 g Na 2 SO 4 , 1.1 g CaCl 2 , 0.7 g KCl, 0.2 g NaHCO 3 , 0.1 g KBr, 0.027 g H 3 BO 3 , 0.024 g SrCl 2 and 0.003 g NaF (Lyman & Fleming, 1940) . Enzyme activities were determined after incubation for 8 h at 30 8C by using the API ZYM system (bioMérieux), for which the test strips were inoculated with cells suspended in artificial seawater. Other biochemical tests were performed using the API 20E, API 20NE and API 50CH systems (bioMérieux) according to the manufacturer's instructions, with the following exceptions: for API 20E and API 20NE, cultures were suspended in halfstrength artificial seawater, whereas API 50CH inocula were made in a 1 : 1 mixture of CHB medium (bioMér-ieux) and artificial seawater. Results were recorded after incubating the API strips at 30 8C for 2 days. Utilization of substrates as sole carbon and energy sources was examined as described by Baumann & Baumann (1981) using a medium supplemented with 2 % (v/v) Hutner's mineral base (Cohen-Bazire et al., 1957) and 1 % (v/v) vitamin solution (Staley, 1968) . Susceptibility to antibiotics was determined by the disc diffusion method, using commercial antibiotic susceptibility discs (Liofilchem) containing the following (mg per disc unless otherwise stated): amikacin (30), ampicillin (10), carbenicillin (100), cephalothin (30), chloramphenicol (30), erythromycin (15), gentamicin (10), kanamycin (30), lincomycin (15), nalidixic acid (30), neomycin (30), novobiocin (30), oxacillin (1), penicillin G (10 IU), polymyxin B (300 IU), rifampicin (30), streptomycin (10), sulfamethoxazole (50), tetracycline (30), trimethoprim (5) and vancomycin (30). Test plates were incubated at 30 8C for 2 days and susceptibility was revealed by zones of inhibition around the discs. For comparison, D. eburneus KCTC 12735
T was included in tests performed under the same conditions.
Cell biomass of strain 13-93-B1
T and D. eburneus KCTC 12735
T for DNA extraction and analyses of isoprenoid quinones and polar lipids was obtained from cultures grown for 2 days at 30 8C in MB. Genomic DNA was extracted and purified according to the method described by Sambrook & Russell (2001) , except that RNase T1 was used in combination with RNase A to minimize RNA contamination. The 16S rRNA gene was amplified by PCR using universal primers 8F (59-AGAGTTTGATCCTGGCTCAG-39) and 1492R (59-GGYTACCTTGTTACGACTT-39). Phylogenetic neighbours were identified using the EzTaxon-e server (http://www.ezbiocloud.net/eztaxon; Kim et al., 2012) , while the sequence alignment was generated using CLUSTAL W software (Thompson et al., 1994) . A phylogenetic tree was reconstructed from the evolutionary distance data with the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximumparsimony (Fitch, 1971 ) methods using MEGA6 (Tamura et al., 2013) . Bootstrap values were calculated based on 1000 random replicates (Felsenstein, 1985) . Isoprenoid quinones were extracted according to the method of Komagata & Suzuki (1987) and then analysed by HPLC (Shimadzu) with a reversed-phase column (YMC ODS-A; 15064.6 mm). The isoprenoid quinones were eluted with a mixture of methanol/2-propanol (2 : 1, v/v) at a flow rate of 1 ml min 21 at room temperature and detected by UV absorbance at 275 nm. Polar lipids were extracted from lyophilized cells following Minnikin et al. (1984) and separated by two-dimensional silica-gel TLC using chloroform/methanol/water (65 : 25 : 3.8, by vol.) in the first dimension and chloroform/methanol/acetic acid/ water (40 : 7.5 : 6 : 1.8, by vol.) in the second dimension (Minnikin et al., 1977) . Total lipids and specific functional groups were detected by using molybdophosphoric acid, molybdenum blue, ninhydrin, a-naphthol and Dragendorff's reagent, as described previously (Minnikin et al., 1984; Komagata & Suzuki, 1987) . The DNA G+C content was determined by HPLC analysis of deoxyribonucleosides as described by Tamaoka & Komagata (1984) , using a reversed-phase column (YMC ODS-A; 15064.6 mm). The DNA G+C content of strain 13-93-B1
T was calculated according to the method of Mesbah et al. (1989) . DNA-DNA hybridization was determined fluorometrically by the method of Ezaki et al. (1989) using photobiotinlabelled DNA probes and microdilution wells. The degree of hybridization was calculated as the mean of triplicate experiments. DNA of strain 13-93-B1
T was used individually as the labelled DNA probe for reciprocal hybridization. For analysis of fatty acid methyl esters, cell biomass of strain 13-93-B1
T was harvested from MA after incubation for 2 days at 30 8C. Fatty acids were saponified, methylated and extracted using the standard protocol of the MIDI/Hewlett Packard microbial identification system (Sasser, 2001) , before being analysed by gas chromatography (6890N; Hewlett Packard) and identified by using the TSBA6 database and Sherlock Microbial Identification System (MIDI version 6.1).
The cultural, morphological, biochemical and physiological characteristics of strain 13-93-B1
T are given in the species description and in Fig. S1 (available in the online Supplementary Material), while these attributes are compared with those of D. eburneus KCTC 12735 T in Table 1 .
The nearly complete 16S rRNA gene sequence of strain 13-93-B1 T (1403 bp) was obtained and used for phylogenetic analyses. In the neighbour-joining phylogenetic tree, strain 13-93-B1
T clustered with D. eburneus SW-277 T with a bootstrap resampling value of 83 % (Fig. 1) . The relationship between these two strains was also recovered in trees reconstructed using the maximum-likelihood and maximum-parsimony algorithms ( Fig. 1 and Fig. S2 ). Strain 13-93-B1 T exhibited 97.0 % 16S rRNA gene sequence similarity to the type strain of D. eburneus and less than 95.9 % similarity to the type strains of other species belonging to the Alphaproteobacteria.
The predominant isoprenoid quinone detected in both strain 13-93-B1
T and D. eburneus KCTC 12735 T was ubiquinone Q-10, which is typical of the majority of members of the class Alphaproteobacteria. The major fatty acid (.10 % of the total fatty acids) of the novel strain was summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c; 76.9 %). The fatty acid profiles of strain 13-93-B1 T and D. eburneus KCTC 12735 T appeared to be similar in that they shared summed feature 8 as the major fatty acid constituent, but they showed differences in the proportions of 11-methyl C 18 : 1 v7c and summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c) ( Table 2 ). The polar lipids detected in (Fig. S3) . The DNA G+C content of strain 13-93-B1 T was 60.4 mol%, similar to that of the type strain of D. eburneus (59.7 mol%; Yoon et al., 2007) . The mean level of DNA-DNA relatedness between these two strains was only 33.1¡1.4 % (35.2¡2.8 % in a reciprocal experiment), clearly below the 70 % cut-off point recommended by Wayne et al. (1987) for the delineation of genomic species. Based on phylogenetic and chemotaxonomic analysis, strain 13-93-B1
T exhibited a number of similarities to D. eburneus KCTC 12735 T , including being Gram-stain-negative, their lack of motility, a shared major fatty acid in summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c) and their similar major polar lipid profiles. However, these strains differed with regard to some phenotypic characteristics, including oxidase activity, hydrolysis
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Ketogulonogenium vulgarum of macromolecules, enzyme activities and antibiotic resistance (Table 1) , and in the proportions of some fatty acids (Table 2) .
On the basis of the phenotypic, chemotaxonomic, phylogenetic and genetic data, strain 13-93-B1 T is considered to represent a novel species of the genus Donghicola, for which the name Donghicola tyrosinivorans sp. nov. is proposed.
Description of Donghicola tyrosinivorans sp. nov. (ty.ro.si.ni.vo9rans . N.L. neut. n. tyrosinum tyrosine; L. part. adj. vorans devouring; N.L. part. adj. tyrosinivorans tyrosine-devouring).
Donghicola tyrosinivorans
Cells are Gram-stain-negative, non-flagellated, non-gliding and non-spore-forming, ovoid to rod-shaped, 0.5-1.4 mm wide and 0.9-5.0 mm long; a few cells form long chains (10.0 mm long). Cells grow well on MA but do not grow on NA, TSA or R2A. Colonies on MA are opaque, circular, slightly convex, smooth and ivory in colour and 0.5-2.0 mm in diameter after 3 days of incubation at 30 uC. Growth occurs at 15-40 uC (optimum 30 uC; no growth at 10 or 42 uC) and at pH 5.5-9.0 (optimum pH 7.0-7.5). Growth occurs at 0-9.0 % (w/v) NaCl, with optimum growth in the presence of 1.0-2.0 % (w/v) NaCl. Growth does not occur under anaerobic conditions on MA or on MA supplemented with 0.1 % (w/v) potassium nitrate. Na + and Mg 2+ ions are not required for growth. Cells are catalase-positive but oxidase-negative, and do not synthesize bacteriochlorophyll a. Hypoxanthine, Tweens 20, 40, 60 and 80, tyrosine and xanthine are hydrolysed. DNA is hydrolysed weakly, but agar, casein, CM-cellulose, starch and xylan are not hydrolysed. In the API 20 NE strip, positive for hydrolysis of aesculin and reduction of nitrate to nitrite, and negative for indole production, glucose fermentation and activities of arginine dihydrolase, urease, gelatinase and p-nitrophenyl b-D-galactopyranosidase. In the API 20E strip, positive for acetoin production and negative for activities of 2-nitrophenyl-b-D-galactopyranosidase, arginine dihydrolase, lysine decarboxylase, tryptophan deaminase and ornithine decarboxylase and production of H and leucine arylamidase, and weakly positive for esterase lipase (C8) and acid phosphatase. Tests are negative for lipase (C14), valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase (substrate 2-naphthyl b-D-galactopyranoside), a-glucosidase, b-glucosidase, Nacetyl-b-glucosaminidase, a-mannosidase and a-fucosidase. Cells are susceptible to ampicillin, carbenicillin, cephalothin, chloramphenicol, erythromycin, gentamicin, kanamycin, neomycin, novobiocin, oxacillin, penicillin G, polymyxin B and rifampicin, but resistant to amikacin, lincomycin, nalidixic acid, streptomycin, sulfamethoxazole, tetracycline, trimethoprim and vancomycin. The predominant isoprenoid quinone is ubiquinone Q-10. The major fatty acid (w10 % of total fatty acids) is summed feature8 (C 18 : 1 v7c and/or C 18 : 1 v6c). The major polar lipids are phosphatidylglycerol, phosphatidylcholine, phosphatidylethanolamine, an unidentified aminolipid and five unidentified lipids.
The type strain is 13-93-B1 T (5DSM 100212 T 5KCTC 42571 T ), isolated from surface seawater collected in September 2013 adjacent to Seogwipo-si on Jeju Island, Republic of Korea. The DNA G+C content of the type strain is 60.4 mol% (determined by HPLC). 
